Abstract: Nutritional models for comparison of environmental conditions on responses to dietary energy using data from literature were evaluated to formulate broiler diets by maximum profit feed formulation with real or simulated prices of corn and soybean meal. These diets were formulated based on Corn and Soybean Meal (C-SBM) or with Wheat and Cottonseed Meal (+W-CM) as alternative sources of energy and protein. Average body weight gain or feed intake slopes at normal temperature were significantly higher than those at heat stress. The rate of gain per calorie was two times higher at normal compared to heat stress and the rate of feed intake per calorie was half as high at normal than did at heat stress. At real or simulated prices, the economic energy content in most cases was reduced by heat stress compared to those at normal temperature. For real prices the energy reductions from normal temperature to heat stress were from 3.254 to 3.015 kcal/g for diets based on C-SBM or from 3.2 to 2.961 kcal/g for diets based on +W-CM. These economic energy reductions were around 7% from real prices, up to 10% from simulated corn prices and up to 9% from simulated SBM prices. The inclusion of +W-CM reduced the economic energy content and increased the profitability compared to those based on C-SBM diets. These data indicate that broiler diets fed during heat stress should be formulated with reduced economic energy content due to decreased rate of gain or feed intake per calorie compared to those at normal temperature.
INTRODUCTION
The profitability in the broiler industry can be improved when the income and cost are simultaneously considered in the formulation of broiler diets. Nutrient requirements of least cost feed formulation assume constant profits; however, when the prices of feed ingredients or bird meat vary, the nutrient needs can be changed according to the best profitability. In maximum profit feed formulation the broiler diets obtained for the best economic nutrient needs are the results from direct simulation of growth and feed intake. This method of formulation relies on growth or feed intake response to Dietary Nutrient Density (DND) or dietary energy. Thus, any type of interaction between the dietary energy content and temperature must be considered to produce accurate economic broiler diets. It appears that the magnitude of growth rate is improved in e ither normal or heat stress environment as the energy or DND is increased but this response is greater at normal conditions than at heat stress. This effect can be observed statistically (Adams, 1961; Adams and Rogler, 1968; Mickelberry et al., 1966; Reece and McNaughton, 1982; Dale and Fuller, 1980; Abdelkarim, 1986; Cheng, 1991; Yalcin et al., 1998; Raju et al., 2004) or numerically (Adams et al., 1962; Lei and Slinger, 1970; Olson et al., 1972; Charles et al., 1981; Lott et al., 1992; Howlider and Rose, 1992) . Therefore, there is controversy of the effect of temperature and energy on performance of broilers probably due t o several reasons: 1) cyclic temperature: birds at heat stress under cyclic temperature can respond better than birds at heat stress under constant temperature. Birds fed increased energy content under cyclic temperatures can respond similarly or better than birds under normal temperatures (Dale and Fuller, 1980; Abdelkarim, 1986; Sonaiya, 1989; Belay and Teeter, 1996) , showing no interaction; 2) severity of heat stress: heat stress birds with mild temperature did not present much difference as birds at normal temperature (Cheng, 1991; Charles et al., 1981; Lott et al., 1992) ; 3) age: for birds of early age the negative heat stress is not so pronounced (Lei and Slinger, 1970; Olson et al., 1972) ; 4) relation protein or lysine/energy ratio: when the protein or lysine i s elevated, the body weight is increased significantly at heat stress as the energy content is increased (Adams et al., 1962; McNaughton and Reece, 1984) , probably reducing the difference in performance between normal and heat stress. The objectives of this study were to develop models for the comparison of two environmental conditions o n responses to energy content using the maximum profit feed formulation in two types of broiler diets based on corn and soybean meal or wheat and cottonseed meal when real or simulated price for corn and soybean meal were used. Adams et al., 1962 and 28-56 d for the last two rows. For the heat stress of last two rows the ME, CP and lysine/ME were 2.716 and 3.199 kcal/g, 28.7 and 27.8% and 0.545 and 0.455 respectively. Data included 3 experiments. 3. Mickelberry et al., 1966 . Data calculated from average of trial 1 and 2. 4. Adams and Rogler, 1968 . Data calculated from average of two trials. 5. Lei and Slinger, 1970 . 6. Olson et al., 1972 . 7. Dale and Fuller, 1979 . 8. Dale and Fuller, 1980 . 21 vs 32 C for exp. 2. Data calculated from average of exp. 1 and 2. 9. Charles et al., 1981 . For the normal temperature there were three batches and at heat stress there were two batches. 10. McNaughton, 1982. 11. Abdelkarim, 1986 . Data calculated from average of exp 1 and 2. 12. Cheng, 1991 . Body weight gain calculated from equation published. 13. Lott et al., 1992. 14. Howlider and Rose, 1992 . Data average of males and females. 15. Yalcin et al., 1998 . The ratio of lysine/ME from the left side is from normal and right side from the heat stress. 16. Raju et al., 2004 . *Estimated from NRC (1984 data. EE = Ether Extracted calculated from NRC (1984) . ME of Hydrogenated Coconut Oil (HCO) from Carew et al., 1964 and ME of corn oil or lard from Young (1961); ME or lysine of corn and SBM from m NRC (1984) . 2.923 kcal/g from control; 3.398 from +10% corn oil; 3.473 from +10% lard; 3.325 for +10% HCO. P = Publications and E = Experiments; ME = Metabolizable Energy, CP = Crude Protein, Fat = inclusion of dietary fat
MATERIALS AND METHODS
Slopes of growth rate and feed intake from temperature: Data from literature were evaluated to quantify the growth rate and feed intake responses to dietary energy content in two environmental conditions (Table 1) . It was intended to select data from literature that did not bias the real effect between temperature and BW or FI = I + S x E energy. For example, data selected for temperature were selected for the range of temperature at heat stress Two models, one for normal or heat stress, were used approximately higher than 27 C or under real cyclic to calculate the profitability according to the following o temperatures, not simulated ones. Linear regression equation: analysis was used to calculate the slopes of growth rate and feed intake in function of energy content for each set Profitability ($/bird) = BW x M -Fi x C of study.
Calculation of profitability: Average daily weight gain or $/kg; the BW and FI were multiplied by 49 and divided by feed intake (A) at 49 days of male Cobb 500 (Cobb 1000 to be expressed in kilograms. Vantress, 2008) (71.1 and 129.2 g/d), a fixed metabolizable energy (3.1 kcal/g) and average Slopes The p rogramming model: The two models were (S) for body weight or feed intake were used to calculate formulated using Solver, which is the default solver of the Intercepts (I) of body weight gain and feed intake for Excel (Frontline Systems, Inc., 1999) . It uses the normal temperature. According to the following equation:
generalized reduced gradient method to solve nonlinear I = A -S x 3.1 were set as follows: iterations = 1000, precision = Further Proportions (P) of heat stress/normal tangent, derivatives = forward and search = Newton. temperature for body weight gain and feed intake (Table  The composition matrix of ingredients and nutrient 1) were multiplied by average daily weight gain or feed needs is shown in Table 2 . intake in order to calculate the intercepts of body weight and feed intake for heat stress in the following way:
Design of analysis: Two types of diets were formulated, I = AxP -S x 3.1. based on wheat and cottonseed meal as alternatives
The predicted Body Weights (BW) or Feed Intakes (FI) and for cottonseed meal 20% according to studies by were modeled by linear equations as a function o f Partridge and Wyatt (1995) and Watkins and Waldroup Energy Content (E) according to the following formula:
(1995) respectively. Prices of main feed ingredients from
Where, M is price of meat, $/kg and C is the cost of diet, problems. The options, which are specified by the user, 0.000000001, convergence = 0.000001, estimates = one based on corn and soybean meal and the other sources. The fixed maximum level for wheat was 40% November, 2008 were used to formulate broiler diets and predict performance for each model. Further increments of corn or soybean meal prices at -25%, +25%, +50%, +75% or +100% from real prices were simulated to calculate the economic energy contents for each model.
Statistical analysis:
The slopes of the linear regressions for body weight gain or feed intake for the two environmental conditions were compared by paired t-test. Linear regressions and comparisons by paired ttest were obtained using JMP Software (JMP, version 7).
RESULTS
The slopes of body weight gain and feed intake for temperature are showed in Table 3 . There were significant differences among the slopes. The average slopes of body weight or feed intake at normal temperature were significantly greater than those at heat stress. The predicted body weight gain and feed intake in function of energy content from 2.8-3.3 kcal/g for temperature are showed in Fig. 1 . Using real feed ingredient prices, the economic energy contents or dietary nutrient density obtained in the maximum profit feed formulation at heat stress were lower than at normal temperature, around 7% less for both types of diets (Table 4) . For example at heat stress the broiler diets had 239 kcal/kg or 1.4% of protein less than did at normal temperature. The inclusion o f alternative feed ingredients reduced the dietary nutrient density and increased the profitability compared to corn and soybean meal diets. This reduction of nutrients was equivalent around 2% less. These broiler diets had 40% of wheat, the fixed maximum level, whereas the cottonseed meal was not taken due to the lower soybean meal price. As expected the profitability a t normal temperature was greater than did at heat stress. In order to show the magnitude of difference for temperature, extra broiler diets were formulated at fixed energy levels assuming no interaction between energy and temperature on diets based with corn and soybean meal. For example if at heat stress the dietary energy is increased from 3.015 to 3.254 kcal/g, the same economic energy content at normal temperature, the profitability is reduced from 2.1542 to 2.1317 $/bird, the diet cost is increased from 0.1972 to 0.2179 $/kg, the body weight is increased from 2.978 to 3.033 kg and the feed intake is reduced from 5.567 to 5.417 kg. Thus at heat stress the reduction of feed intake or increment of body weigh did not compensate the high cost of 3.254 kcal/g diet. The variations of economic energy contents as changing the price of corn or soybean meal in corn-soybean meal or corn-soybean meal with alternative ingredients are showed in Table 5 . The economic energy content was different as changing the corn or Soybean Meal (SBM) prices. In general at heat stress the economic energy Adams et al., 1962; 3 . Mickelberry et al., 1966; 4. Adams and Rogler, 1968; 5. Lei and Slinger, 1970; 6. Olson et al., 1972; 7. Dale and Fuller, 1979; 8. Dale and F uller, 1980; 9. Charles et al., 1981; 10. Reece and McNaughton, 1982; 11. Abdelkarim, 1986; 12. Cheng, 1991; 13. Lott et al., 1992; 14. Howlider and Rose, 1992; 15. Yalcin et al., 1998; 16. Raju et al., 2004 Fig. 1: Linear equations of Body Weight Gain (BW) and Feed Intake (FI) for environmental conditions content was lower than did at normal temperature. This economic energy reduction was up to 10% for corn variation and up to 9% for SBM variation. However, this difference disappeared in corn-soybean meal diets at +75% corn price and at +50%, +75% or +100% soybean meal price. In general as the corn price was increased, the economic energy content tended to decrease. The wheat was taken 40% replacing mainly corn as the corn price increased except at -25%. When the program allowed the inclusion of poultry oil, the economic energy content was elevated and then the energy also tended to reduce as corn price increased. This reduction in some case was allowed at the expense of increments o f protein, calcium or sodium sources due to the lack of bulkiness. Likewise, as the Soybean Meal (SBM) price was increased the economic energy content tended to reduce except at diets based on corn and SBM after +50% SBM prices. After +25% SBM price, the cottonseed meal was taken 19.7% for heat stress and 20% for normal temperature.
DISCUSSION
The two times higher growth slope of birds at normal temperature compared to birds at heat stress could be increased if studies where the effect of temperature and energy at early age were omitted (Lei and Slinger, 1970; Olson et al., 1972) because at this early age the negative effect of heat stress on performance is small. However, at early age Yalcin et al. (1998) showed big differences on growth rate between normal temperature and heat stress as energy increased. Probably this new broiler strain of fast growth rate have responded more i n normal condition but less at heat stress. Fisher and Wilson (1974) showed that birds of fast growth rate responded with higher energy needs compared to slow growth rate. Otherwise, this difference can be more marked when the dietary protein or lysine are not elevated as the energy content is increased. Studies have showed that birds at heat stress fed increased energy content with lower lysine/energy ratio the body weight is not increased, whereas with higher lysine/energy ratio the body weight is improved (Adams et al., 1962; McNaughton and Reece, 1984) . Further it has been showed that birds at cyclic temperature tend to increase the energy intake and consequently improve the body weight reducing the difference between normal temperature and heat stress (Dale and Fuller, 1980; Abdelkarim, 1986; Sonaiya, 1989; Belay and Teeter, 1996) . The lower rate of feed intake per calorie of birds at heat stress compared to normal conditions shows that birds under heat stress tend to regulate the energy intake decreasing the feed consumption as dietary energy is increased probably in order to dissipate better the heat production. However, it seems that under cyclic temperature this rate is higher than did at normal temperature (Dale and Fuller, 1980; Olson et al., 1972) probably because the heat stress birds at hours o f normal temperature tend to ingest more feed due to a compensatory factor. The linear equations presented in this study are suitable to demonstrate differences between two temperature as energy is increased; however, accurate estimations of body weight or feed intake are needed by non linear equations (Pesti and Miller, 1997; Guevara, 2004; Eits et al., 2005a,b; Cerrate and Waldroup, 2009 ). Thus it is recommended feasible equations for particular conditions using non linear equations between energy Belay, T., 1991. Nutritional and Water Balance content and normal temperature or heat stress. As the corn price was increased, the alternative energy sources were included and the economic energy contents were increased or decreased depending on the energy content of substitute sources such as poultry oil or wheat. Similarly, as the Soybean Meal (SBM) price was increased, the Cottonseed Meal (CM) was included and the economic energy content was slightly reduced due to the smaller metabolizable energy of C M compared to that of SBM. The marked difference of growth or feed intake slopes for two environmental condition shows that the energy needs should be reconsidered in order to be used for least cost feed formulation. Furthermore, the maximum profit feed formulation produces broiler diets with a wide range of economic energy content or dietary nutrient density according to feed ingredient prices o r alternatives feed ingredients. In this study in most cases reduced economic energy contents at heat stress have been observed. Unfortunately it is believed that diets should be increased in energy, along with other nutrient except protein, under heat stress in order to compensate the reduced feed intake. However, this small increment in weight gain on response to increased dietary density or energy did not offset the high cost diet. Moreover, the high mortality observed in heat stress birds fed high energy diet (Belay, 1991) suggests that the energy content or dietary nutrient density should be reduced. The results of this study showed that the energy needs should be reconsidered for environmental conditions in order to be used in maximum profit feed formulation or even in least cost feed formulation. In general at heat stress reduced economic energy content due to the decreased rate of gain or feed intake per calorie is recommended compared to those at normal temperature.
